Data on the exposure of seven cardiologists and over 10 000 patients undergoing interventional procedures were collected. The data were collected in a study that was set up in order to evaluate the differences in exposure of seven cardiologists performing interventional procedures. The study revealed a linear relation between the exposure of the seven cardiologists and the exposure of their patients (R 2 = 0.55). The exposure of the cardiologists ranged from 0.43 mSv up to 2.85 mSv in 4 weeks while for the patients the exposure ranged from 1633 Gy·cm 2 up to 5943 Gy·cm 2 in 4 weeks.
Introduction

At the Department of Cardiology of the Academic Medical Centre (AMC) in
Amsterdam, fluoroscopy-guided procedures are performed on a regular basis. Between 2004 and 2008, over 10 000 interventional procedures were performed by interventional cardiologists. During these interventional procedures, patients and cardiologists are exposed to ionising radiation. Patients are particularly exposed to the primary beam while as a rule physicians are exposed to scattered radiation. The exposure of patients is often described by the dose-area product (DAP), whereas the exposure of the cardiologists is generally described by the personal dose equivalent (Hp (10) ).
The International Commission on Radiological Protection (ICRP) stated that the exposure of physicians correlates with patient exposure (1) . Moreover, ICRP pointed out that the exposure of physicians is influenced by equipment design, technical settings and clinical protocols and to some extent by the degree of clinical experience.
In 2006 the European DIMOND research cardiology group investigated the correlation between patients' exposure by means of DAP data and cardiologists' exposure (2) . The study revealed a correlation between the exposure of patients and cardiologists. It was concluded however, that it remained difficult to predict the exposure of cardiologists from the DAP data they collected as different protective measures were used and the number of procedures included in the study was limited.
Over the years the exposure of the interventional cardiologists in the AMC increased.
In the years prior to the investigation, the doses outside the lead apron of some cardiologists even exceeded 20 mSv. Since all cardiologists used the same protective measures it was assumed that the differences in doses between the cardiologists were primarily caused by differences in number and complexity of the procedures.
The purpose of the present study was to analyse the differences in exposure between the cardiologists performing interventional procedures. It was assumed that there is a relation between the doses measured outside the lead aprons of the cardiologists and the exposures of their patients. It was expected that there is an association between the exposure of cardiologists and the number and the complexity of the procedures.
Materials and Methods
Starting in 2004, data on the exposure of cardiologists and patients at the Department of Cardiology in the AMC were collected. Cardiologists and patients were exposed during coronary angiography (CAG) and percutaneous coronary interventions (PCIs).
A CAG is an X-ray photograph with radio contrast in the coronary arteries. It is performed for both diagnostic and interventional (treatment) purposes. Coronary catheterization is the method used to bring the radio contrast fluid into the heart.
Catheterization is a minimally invasive procedure to access the coronary circulation and blood filled chambers of the heart using a catheter. The catheter can be inserted in the arteria radialis or in the arteria femoralis and is then moved through these arteries until it reaches the coronary arteries. With this method possible constrictions or clogging of the coronary arteries are made visible by X-ray fluoroscopy.
A PCI is a therapeutic procedure used to treat the narrowed coronary arteries of the heart found in coronary heart disease. A coronary artery can be widened using a balloon catheter. At the place of constriction a balloon is blown, as a result of which the cholesterol plaque is shoved aside under high pressure. At the place of the balloon the artery is widened. In a number of cases a metal stent is placed to guarantee a durable widening of the artery.
The department of Cardiology of the AMC is a high volume, tertiary cardiologic center.
In this center annually more than 2000 CAG's and PCI's are carried out. The department acts as a training institute. The procedures are routinely carried out by experienced interventional cardiologist or by a fellows-in-training with experience interventional cardiologists.
The exposure of seven cardiologists was monitored by personal dosemeters worn outside the lead apron. The dosemeters were mounted in a special holder that was fixed to their lead apron. The holder remained in place during the study period, while the dosemeters were replaced every 4 weeks. The exposure of 10 341 patients was monitored with DAPmeters. The DAP-meters (Diamentor, PTW-Freiburg, Germany/KermaX-plus, Wellhöfer, Germany) were integrated in the X-ray systems and were calibrated at regular intervals with a reference dosemeter (Unforse Xi, Bildall, Sweden). The DAP in the cine mode (DAP C ), the DAP in the fluoroscopy mode (DAP F ) and the fluoroscopy time were displayed on the monitor of the X-ray system and were registered at the end of each interventional procedure. (10) ). The doses were reported in multiples of 0.01 mSv. Doses below 0.005 mSv were reported as <0.01 mSv (3) .
The interventional procedures were performed with Philips X-ray systems (Philips Medical Systems, Best, the Netherlands). Two Integris H5000 systems, and an Allura and in the cine mode no additional filters were used. All X-ray systems used 25 pulse·s -1 in the normal and high dose mode, while the dose rate differed in the low dose mode. For the Allura 9C the pulse rate was 12.5 pulse·s -1 while for the Integris H5000 the pulse rate was continuously adjusted. In the cine mode the number of frames was variable: either 12.5 frames·s -1 or 25 frames·s -1 .
Study population
The data concerning the radiation exposure of the patients have been collected in AMC Table 1 . procedures.
Statistical analysis
The doses measured outside the lead apron of the cardiologists were analysed as well were examined. The variables were analysed with a nonparametric test (KruskallWallis H-test). All data were analysed using SPSS-software (release 16.0.2 for Windows) where the statistical significant differences were set at a level of 5% (p= 0.05). In Table 2 and Figure 2 The exposure of patients (DAP F+C, 4 weeks ) differed significantly between the seven cardiologists (Chi 2 = 147; df = 6; p = 0.00). 1485; df = 6; p = 0.00).
Results
Information about exposure in the cine mode (DAP C ) and in the fluoroscopy mode (DAP F ) is summarized per procedure in Table 4 and Figure. The normalized exposure of patients in the fluoroscopy mode (DAP F, min ) is shown in Table 5 and Figure. were worn on the left arm of the cardiologists. Doses on the left arm are more than two times higher than doses measured at the neck (4) . Furthermore, the use of protective screens can reduce the exposure of cardiologists by a factor of 20 (5) . Taking these aspects into account the Hp (10) Over the years the exposure of the interventional cardiologists in the AMC increased, especially the exposure of Cardiologist 3. From the start of the study the doses measured outside the lead apron of Cardiologist 3 exceeded the annual dose limit of 20 mSv as recommended by the ICRP (6) while in the same period the doses of two other cardiologists in the group exceeded the annual dose limit once. The measured doses were reported as personal dose equivalent at a depth of 10 mm (H p (10)). The H p (10) is generally used to estimate the effective dose. However, the effective doses of the cardiologists were considerably lower than the doses measured since lead aprons and thyroid collars were worn during the interventional procedures (7, 8) . The person dose equivalent at a depth of 0.07 mm (H p (0.07)) represents the dose to soft tissue. The H p (0.07) was not reported in the present study and equivalent doses to organs close to the personal dosemeters were not be estimated.
It was assumed that the doses measured outside the lead apron of Cardiologist 3 were higher than the doses of his colleagues because he performed a higher number of procedures than his colleagues and he performed more complex procedures than the was slightly higher than the exposure of patients reported in other studies. Vano et al. (4) reported DAP values of 66 and 48 Gy·cm 2 for interventional cardiology (CA and PCI) and radiology procedures with two different types of x-ray systems. Sandborg et al. (11) published DAP values of 40 Gy·cm 2 for femoral procedures and 69 Gy·cm 2 for radial procedures. Livingstone et al. (12) reported DAP values before and after optimisation by increasing the existing filtration and by increasing tube potentials. In order to determine whether the higher doses of Cardiologist 3 were associated with the complexity of the procedures, the fluoroscopy time per procedures was analysed.
Tsapaki et al. (13) reported a significant correlation between the complexity of PCI It is likely that the more frequent use of the cine mode was an important reason of higher doses of Cardiologist 3.
Conclusion
The present study revealed a linear relation between the exposure of patients and
Cardiologists. Since all Cardiologists in the study used the same protective measures during interventional procedures it is likely that other variables are also associated with the variation in exposure of the Cardiologists. Although the variation in exposure of Cardiologists can not completely be explained by variations in exposure of patients, a fair relation was found for all the Cardiologists. For radiation protection purposes it can therefore be concluded that the exposure of patients is a useful predictor for the exposure of Cardiologists.
The present study showed that the height of the doses of the Cardiologists in the AMC is associated with the number of procedures they perform. The study did not indicate 
